Abstract Selectors were operated at four full-scale activated sludge plants to control bulking and foaming problems due to filamentous microorganisms. Selector effectiveness was not related to reduction of biodegradable organic matter in the contact zone, but was related to soluble COD levels in selector effluent. Significant reductions in the numbers of filamentous m icroorganisms were reported.
Introduction
Various methods have been developed to control the excessive growth of the filamentous organisms: non specific methods such as addition of chemical coagulants, synthetic polymer or disinfectant-oxidant, or specific methods directed to change the condition that caused bulking Wanner, 1994) .
Among the curative actions, the contact zone installed upstream of the biological reactor seems to provide better results. Numerous are the positive applications of selectors -with or without compartmentalisation -in both conventional plants and plants with N and P removal (Chudoba, 1991; Madoni and Davoli, 1997; Van Loosdrecht et al., 1998) . Selectors were effective in the reduction of numerous filamentous organisms, nevertheless, concerning the reduction of Microthrix parvicella, the literature shows controversial results (Madoni and Davoli, 1993; Pujol and Canler, 1994; Mamais et al., 1998) .
In this work, the effect of a contact zone (selector) on the growth of filamentous microorganisms in four little activated sludge plants was studied to prevent troubles caused by these organisms. The studied plants were equipped with denitrification and nitrification basins. Since the selector in each plant was placed upstream of the denitrification tank, it was run in anoxic conditions to avoid negative interference with the nitrogen removal process. In the design of the anoxic selector we reduced the F/M values because the selector utilizes both kinetic and metabolic mechanisms for selection against filamentous organisms. The anoxic selector in the biological nutrient removal plants have been designed by taking the following recommendations Pitman, 1991) : 1) F/M > 1-2 kg COD/kg MLSS d; 2) hydraulic residence time sufficient for the efficient removal of soluble COD; 3) ensuring, where possible, semi-plug flow conditions in the selector; 4) D.O. levels never dropping below 1.0 mg/l in the aeration zone.
In order to evaluate the effect of the anoxic selector on both sludge settleability and density and variety of filamentous microorganisms, the study was conducted by monitoring both the selector and the sludge characteristics.
Materials and methods
The characteristics of the four activated-sludge plants are reported in Table 1 . Selectors of plants A, B, and C were run in summer 1998, while the selector at plant D was run in September 1999. The selector volumes ranged from a minimum of 2.2% to a maximum of 7.8% of the entire biological section. Plants A, C, and D operated in plug flow conditions, while plant B operated with complete mixing.
The plants were monitored fortnightly for a period of one year. All analytical parameters were determined as described by APHA (1992) . Readily biodegradable soluble COD was determined following Mamais and Jenkins (1993) .
Microscopic observations of filamentous microorganisms were made under phase contrast at 200× and 1,000× magnifications. The filamentous microorganisms were identified according to Eikelboom (2000) and Spigoni et al. (1993) . The Gram and Neisser staining techniques were also used for identification. Filamentous microorganism abundance was estimated using the categories proposed by Jenkins et al. (1993) .
Results and discussion
During the studied period the plants operated high abatement of organic matter and were not affected by anomalous events such as toxicants. The ammonium removal efficiency was influenced by the availability of organic carbon from the influent ( Table 2) . Table 3 shows the characteristics of the installed contact zones and their effect on the activated sludge. Evident, first of all, is the difficulty of maintaining stable process conditions in the selector since the four plants were lacking a primary sedimentation tank and so the selector was conditioned by the effects of daily changes in the qualitative and quantitative characteristics of the sewage. In particular, a wide range in the values of some parameters such as ORP, F/M and hydraulic residence time, was observed. The selectors had a positive effect in reducing bulking problems in two plants (A and C) affected by massive growth of Microthrix parvicella. These selectors operated prevalently in anoxic conditions even if aerobic conditions were observed in some periods. Both selectors were D. Davoli et al. operated under high sludge load, but with different hydraulic retention time (A = 25 min, C = 69 min). Moreover in these two selectors an insufficient reduction of biodegradable COD was measured with higher abatement in plant C. According to some authors (Chudoba and Wanner, 1987; Eikelboom, 2000) , in fact, the reduction of available COD in the selector could reach 75-80%. Measured abatement of soluble COD were lower even if in the effluent of the selectors the values of COD were < 60 mg/l according to Jenkins et al. (1993) . The lower abatement of COD resulted partially related to the influent characteristics that were not particularly rich in organic carbon. At plant B, the selector was operated under high sludge loading, but with lower hydraulic residence time, and it could not prevent the occasional bulking events. In this plant, however, the scarce biodegradable COD removal was accompanied by high values of soluble COD in the selector effluent (83 mg/l) that enabled growth of filamentous microorganisms in the subsequent biological sections. At plant D the selector had no effect on the filamentous microorganism population. The applied F/M ratio was 1.84 and the retention time was about 29 min. In this case the lowest reduction of COD was measured in the selector with high values of soluble COD in the selector effluent (60 mg/l). Besides, plant D was the only one to have sludge problems related to the growth of GALO, and it operated prevalently in aerobic conditions. According to Pitt and Jenkins (1990) the aerobic selector seems to prevent the growth of GALO only in plants operating under low sludge age. In our case, the sludge age of about 35 days, together with the insufficient sludge loading for the aerobic selector may be the main factors determining the failure of the selector.
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Conclusions
In this study, the effectiveness of the selectors resulted not related to the reduction of biodegradable organic matter in the contact zone, but it was especially related to the portion of soluble COD measured in the selector effluent. In any case, the positive effect of the selector was accompanied by a significant reduction in the number of filamentous microorganisms with only a few changes in the community structure.
